PLASMA CVD APPARATUS FOR LARGE AREA CVD FILM 

Background of the Invention 

1. Field of the Invention 

5 The present invention relates to a plasma CVD 

method of using a plasma CVD apparatus. More 
particularly, the present inventi^Jn relates to a 
plasma CVD apparatus in which a plasma generation 
region and a substrate processing region are separated 
10 and which is suitable for a large area CVD film 
formation . 

2. Description of the Related Art 

As one of the plasma CVD apparatuses for 
forming a film on a substrate while restraining plasma 

15 damage, a remote-plasma CVD apparatus is known in 
which a plasma generation region and a substrate 
processing region are separated. A method of forming 
a CVD film using such a remote -plasma CVD apparatus is 
an important technology as the processing process to 

20 make a high reliability device and a highly efficient 
device in a semiconductor device process. The remote 
plasma CVD apparatus can attain the large sized 
substrate processes such as a large area flat panel 
display switching transistor forming process, a drive 

25 circuit transistor forming process and a large 

diameter silicon wafer process. As such a remote 
plasma CVD apparatus, a parallel plate remote plasma 



CVD apparatus is disclosed in Japanese Laid Open 
Patent Application (JP-A-Heisei 5-21393). As shown in 
Fig. 1, the parallel plate remote plasma CVD apparatus 
is composed of a high frequency applied electrode 101 
5 and a counter electrode 102 on which a substrate 103 
is mounted. A plasma confining electrode 108 as a 
mesh plate having a plurality of holes is provided 
between the high frequency applied electrode 101 and 
the counter electrode 102. Plasma 106 is confined 

10 between the high frequency applied electrode 101 and 
the plasma confining electrode 108. 

Such a parallel plate remote plasma CVD 
apparatus using the plasma generated between parallel 
plates can uniformly supply radicals necessary to 

15 process a substrate in a large area. The apparatus 
disclosed in the above mentioned Japanese Laid Open 
Patent Application (JP-A-Heisei 5-21393) is provided 
with neutral gas injection holes 109 near the passage 
holes 105 for the radicals 104. The large area 

20 uniform process is possible through the reaction of 
the radicals 104 and the neutral gas 110. For this 
reason, the parallel plate remote plasma CVD apparatus 
is considered as a superior technique for forming a 
silicon oxide film and a nitride silicon film as a 

25 gate insulating film of a thin film transistor on a 

large sized glass substrate, an amorphous silicon film 
such as an active layer and a gate electrode of the 



thin film transistor on the large sized glass 
substrate, and a silicon oxide film and a nitride 
silicon film as an interlayer insulating film of a 
transistor device on a large sized silicon substrate. 
5 As mentioned above, the neutral gas injection 

holes 109 are provided near the radical passage holes 
105 and the neutral gas is uniformly supplied on the 
surface from the neutral gas injection holes 109. At 
this time, the plasma confining electrode 108 of a 

10 - hollow structure is used, as disclosed in Japanese 
Laid Open Patent Application (JP-A-Heisei 5-21393). 
The plasma confining electrode 108 of the hollow 
structure is provided with the radical passage holes 
105 and the neutral gas passage holes 109 

15 independently, as shown in Figs. 2 and 3. The 

radicals 104 and the neutral gas 110 are never mixed 
in the hollow structure. 

As a method of supplying the neutral gas from 
the outside of a vacuum chamber 107 to the plasma 

20 confining electrode 108 of the hollow structure, 

various methods are considered. In a first method, 
the neutral gas 110 is supplied from an upper 
direction into the plasma confining electrode 108 
through the plasma region 106 by neutral gas 

25 introduction pipes 112 as shown in Fig. 4. Also, in a 
second method, the neutral gas 110 is supplied from a 
lateral direction into the plasma confining electrode 



108 as shown in Fig. 5. The method disclosed in the 
above-mentioned Japanese Laid Open Patent Application 
(JP-A-Heisei 5-21393) is of the latter. 

In the first method shown in Fig. 4, the 
5 neutral gas 110 can be uniformly injected on the 
surface of the substrate, if a lot of neutral gas 
introduction pipes 112 are uniformly provided for the 
plasma confining electrode 108. In this case, however, 
the neutral gas introduction pipes 112 pass through 

10 the plasma generation region 106. As a result, 

abnormal discharge 117 is generated easily near the 
neutral gas introduction pipe on the whole of the 
plasma confining electrode 108, so that the plasma 
generating state becomes unstable. 

15 Also, in the second method shown in Fig. 5, 

most of the gas is injected from the neutral gas 
injection holes near the connection section of the 
neutral gas introduction pipe 112 with the plasma 
confining electrode 108. As a result, because the 

20 pressure in the plasma confining electrode 108 of the 
hollow structure is as low pressure as tens to 
hundreds mtorr which is equal to a film forming 
pressure in the substrate processing region, the 
uniform gas injection on the surface is difficult, as 

2 5 schematically shown in Fig . 6 . 

To solve the above problem, it would be 
necessary to arrange such a gas diffusing plate as 



used in a gas shower head of the conventional parallel 
plate plasma CVD apparatus, in the inside of the 
plasma confining electrode 108 of the hollow structure. 
As shown in Fig. 7, the conventional gas shower head 
5 structure is composed of neutral gas Introduction 

pipes 112, a diffusing plate 114 having a plurality of 
holes uniformly provided on the surface thereof and a 
gas injection plate 115 having gas injection holes 
uniformly on the surface thereof. In the conventional 

10 parallel plate plasma CVD apparatus, a large number of 
gas supply pipes can be connected to the gas shower 
head. Therefore, uniform gas injection is possible 
even in the structure as shown in Fig. 7. In this 
case, however, it is impossible to supply a gas to the 

15 gas shower head while avoiding the above-mentioned 

abnormal discharge in the remote plasma CVD apparatus . 
Also, it is difficult to uniformly inject the neutral 
gas on the surface of the substrate 103 in the method 
of using the gas diffusing plate as shown in Fig. 7. 

20 In conjunction with the above description, a 

plasma CVD apparatus is disclosed in Japanese Laid 
Open Utility Model Application (JU-A-Heisei 1-86227). 
In this reference, the plasma CVD apparatus is 
composed of a box electrode, and a counter electrode. 

25 A substrate is provided between the electrodes. The 

box electrode has a fixed intermediate diffusing plate 
and a movable intermediate diffusing plate. The 
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diffusing plates have a plurality of holes. By 
adjusting the position of the movable intermediate 
diffusing plate, the number of gas 'passable holes and 
the area of the gas passage hole are adjusted. 
5 Also, a plasma CVD apparatus disclosed in 

Japanese Laid Open Utility Model Application (JU-A- 
Heisei 7-27149). In this reference, the plasma CVD 
apparatus is composed of an electrode section (2) 
having electrode plates (3 and 4) parallel to a wafer 

10 W and a gas introduction pipe (5). A gas G is 

introduced through the gas introduction pipe (5), 
passes through the electrode plates (3 and 4), and is 
supplied to the wafer W. A gas diffusing pipe (10a) 
is provided in parallel to the electrode plates (3 and 

15 4) to have holes (11) in a radial direction from the 
gas introduction pipe (5). The gas diffusing pipe 
(10a) is connected to the connection end (5a) of the 
gas introduction pipe (5) and has the closed end. 



20 Summary of the Invention 

Therefore, an object of the present invention 
is to provide a plasma CVD apparatus in which it is 
possible to uniformly inject a neutral gas on a 
substrate surface. 
25 Another object of the present invention is to 

provide a plasma CVD apparatus in which abnormal 
discharge does not occur, even if a neutral gas 



Introduction pipe Is Inserted Into a plasma generation 
region . 

In order to achieve an aspect of the present 
Invention, a plasma CVD apparatus Includes first and 
5 second electrodes, neutral gas Introduction pipes, and 
a plasma confining electrode Interposed between the 
first and second electrodes to separate a plasma 
generation region and a substrate processing region. 
The plasma confining electrode has a hollow structure 

10 defined by an upper electrode plate, and a lower 

electrode plate, and has gas diffusing plates provided 
In the hollow structure, and has radical passage holes 
provided to supply radicals from the plasma generation 
region Into the substrate processing region while 

15 Isolating from a neutral gas. The plasma confining 

electrode is connected to the neutral gas introduction 
pipes, and a plurality of neutral gas passage holes 
are provided for each of the lower electrode plate and 
the gas diffusing plates to supply the neutral gas 

20 into the substrate processing region. A total opening 
area of the plurality of neutral gas passage holes in 
the gas diffusing plate on a side of the upper 
electrode plate is smaller than that of the plurality 
of neutral gas passage holes in the gas diffusing 

25 plate on a side of the lower electrode plate - 

Here, the number of the neutral gas passage 
holes in the gas diffusing plate on the side of the 
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lower electrode plate may be more than the number of 
the neutral gas passage holes in the gas diffusing 
plate on the side of the upper electrode plate. 

Also, first ones of the plurality of neutral 
5 gas passage holes in each of the gas diffusing plates 
may be different in diameter from second ones of the 
plurality of neutral gas passage holes in each of the 
gas diffusing plates. 

Also, positions of the neutral gas passage 
10 holes in the gas diffusing plate nearer to the lower 
electrode plate may be different from positions of the 
neutral gas passage holes in the gas diffusing plate 
nearer to the upper electrode plate. 

Also, a region of the neutral gas passage 
15 holes in the gas diffusing plate nearer to the lower 
electrode plate may be arranged in an outside region 
of a region of the neutral gas passage holes in the 
gas diffusing plate nearer to the upper electrode 
plate . 

20 Also, the gas introduction pipes may extend 

from a lateral direction of the plasma confining 
electrode to be coupled to side portions of the plasma 
confining electrode. Instead, the gas introduction 
pipes may extend to pass through a peripheral portion 

25 of the plasma generation region to be coupled to upper 
portions of the plasma confining electrode. 

In order to achieve another aspect of the 



present invention, a plasma CVD apparatus includes 
first and second electrodes, neutral gas introduction 
pipes, and a plasma confining electrode interposed 
between the first and second electrodes to separate a 
5 plasma generation region and a substrate processing 
region. The plasma confining electrode has a hollow 
structure defined by an upper electrode plate, and a 
lower electrode plate, and has gas diffusing plates 
provided in the hollow structure, and has radical 

10 passage holes provided to supply radicals from the 

plasma generation region into the substrate processing 
region while isolating from a neutral gas. The plasma 
confining electrode is connected to the neutral gas 
introduction pipes, and a plurality of neutral gas 

15 passage holes are provided for each of the lower 

electrode plate and the gas diffusing plates to supply 
the neutral gas into the substrate processing region. 
A distribution density of opening area consisting of 
the plurality of neutral gas passage holes is higher 

20 in a central portion of each of the gas diffusing 
plates than in a peripheral portion thereof. 

Here, the number of the neutral gas passage 
holes in the gas diffusing plate on the side of the 
lower electrode plate may be more than the number of 

25 the neutral gas passage holes in the gas diffusing 
plate on the side of the upper electrode plate. 

Also, first ones of the plurality of neutral 



gas passage holes in each of the gas diffusing plates 
may be different in diameter from second ones of the 
plurality of neutral gas passage holes in each of the 
gas diffusing plates. 
5 Also, positions of the neutral gas passage 

holes in the gas diffusing plate nearer to the lower 
electrode plate may be different from positions of the 
neutral gas passage holes in the gas diffusing plate 
nearer to the upper electrode plate. 

10 Also, a region of the neutral gas passage 

holes in the gas diffusing plate nearer to the lower 
electrode plate may be arranged in an outside region 
of a region of the neutral gas passage holes in the 
gas diffusing plate nearer to the upper electrode 

15 plate. 

Also, the gas introduction pipes may extend 
from a lateral direction of the plasma confining 
electrode to be coupled to side portions of the plasma 
confining electrode. Instead, the gas introduction 

20 pipes may extend to pass through a peripheral portion 
of the plasma generation region to be coupled to upper 
portions of the plasma confining electrode. 

In order to achieve still another aspect of 
the present invention, a plasma CVD apparatus includes 

25 first and second electrodes, neutral gas introduction 
pipes, a plasma confining electrode interposed between 
the first and second electrodes to separate a plasma 
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generation region, and a gas supply section interposed 
between the plasma confining electrode and the second 
electrode to supply neutral gas . The gas supply 
section has a hollow structure defined by an upper 
5 plate and a lower plate, and has gas diffusing plates 
provided in the hollow structure, and has radical 
passage holes provided to supply radicals while 
isolating from a neutral gas. The gas supply section 
is connected to the neutral gas introduction pipes, 

10 and a plurality of neutral gas passage holes are 
provided for each of the lower plate and the gas 
diffusing plates to supply the neutral gas into the 
substrate processing region. A total opening area of 
the plurality of neutral gas passage holes in the gas 

15 diffusing plate on a side of the upper plate is 

smaller than that of the plurality of neutral gas 
passage holes in the gas diffusing plate on a side of 
the lower plate. 

Here, the number of the neutral gas passage 

20 holes in the gas diffusing plate on the side of the 
lower gas supply section plate may be more than the 
number of the neutral gas passage holes in the gas 
diffusing plate on the side of the upper gas supply 
section plate. 

25 Also, first ones of the plurality of neutral 

gas passage holes in each of the gas diffusing plates 
may be different in diameter from second ones of the 
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plurality of neutral gas passage holes in each of the 
gas diffusing plates. 

Also, positions of the neutral gas passage 
holes in the gas diffusing plate nearer to the lower 
5 gas supply section plate may be different from 

positions of the neutral gas passage holes in the gas 
diffusing plate nearer to the upp^r gas supply section 
plate « 

Also, a region of the neutral gas passage 
10 holes in the gas diffusing plate nearer to the lower 
gas supply section plate may be arranged in an outside 
region of a region of the neutral gas passage holes in 
the gas diffusing plate nearer to the upper gas supply 
section plate. 

15 Also, the gas introduction pipes may extend 

from a lateral direction of the gas supply section to 
be coupled to side portions of the gas supply section. 

Also, the gas introduction pipes may extend 
to pass through a peripheral portion of the plasma 

20 generation region to be coupled to upper portions of 
the gas supply section. 

In order to achieve yet still another aspect 
of the present invention, a plasma CVD apparatus 
includes first and second electrodes, neutral gas 

25 introduction pipes, a plasma confining electrode 

interposed between the first and second electrodes to 
separate a plasma generation region, and a gas supply 
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section interposed between the plasma confining 
electrode and the second electrode to supply neutral 
gas. The gas supply section has a hollow structure 
defined by an upper plate and a lower plate, and has 
5 gas diffusing plates provided in the hollow structure, 
and has radical passage holes while isolating from a 
neutral gas. The gas supply section is connected to 
the neutral gas introduction pipes , and a plurality of 
neutral gas passage holes are provided for each of the 

10 lower plate and the gas diffusing plates to supply the 
neutral gas into the substrate processing region. A 
distribution density of opening area consisting of the 
plurality of neutral gas passage holes is higher in a 
central portion of each of the gas diffusing plates 

15 than in a peripheral portion thereof. 

Here, the number of the neutral gas passage 
holes in the gas diffusing plate on the side of the 
lower electrode plate may be more than the number of 
the neutral gas passage holes in the gas diffusing 

20 plate on the side of the upper electrode plate. 

Also, first ones of the plurality of neutral 
gas passage holes in each of the gas diffusing plates 
may be different in diameter from second ones of the 
plurality of neutral gas passage holes in each of the 

25 gas diffusing plates. 

Also, positions of the neutral gas passage 
holes in the gas diffusing plate nearer to the lower 



gas supply section plate are different from positions 
of the neutral gas passage holes in the gas diffusing 
plate nearer to the upper gas supply section plate. 

Also, a region of the neutral gas passage 
5 holes in the gas diffusing plate nearer to the lower 
gas supply section plate is arranged in an outside 
region of a region of the neutral gas passage holes in 
the gas diffusing plate nearer to the upper gas supply 
section plate, 

10 Also, the gas introduction pipes may extend 

from a lateral direction of the plasma confining 
electrode to be coupled to side portions of the gas 
supply section . 

15 Brief Description of the Drawings 

Fig. 1 is a cross sectional view of a first 
conventional plasma CVD apparatus; 

Fig. 2 is a cross section showing of a plasma 
confining electrode having a hollow structure in 
20 detail in the first conventional plasma CVD apparatus 
shown in Fig. 1; 

Fig. 3 is a plan view showing the plasma 
confining electrode having the hollow structure in the 
first conventional plasma CVD apparatus; 
25 Fig. 4 is a cross sectional view showing a 

second conventional plasma CVD apparatus; 

Fig. 5 is a cross sectional view showing a 
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third conventional plasma CVD apparatus; 

Fig. 6 is a cross sectional view showing an 
electrode structure in the third conventional plasma 
CVD apparatus in detail; 
5 Fig. 7 is a cross sectional showing another 

electrode in a fourth conventional plasma CVD 
apparatus ; 

Fig. 8 is a cross sectional view showing a 
plasma CVD apparatus according to a first embodiment 
10 of the present invention; 

Fig. 9 is a cross sectional view showing a 
part of the plasma CVD apparatus shown Fig. 8 in 
detail; 

Figs. lOA and lOB are plan views showing an 
15 upper plate and lower plate of an electrode, 
respectively; 

Figs. IIA and IIB are plan views showing 
first and second diffusing plates, respectively; 

Figs. 12A, 12B, 12C and 12D are graphs 
20 showing concentration distributions of gas passing 
through the diffusing plate; 

Figs. 13A, 13B and 13C are plan views showing 
first, second and third diffusing plates, 
respectively; 

25 Figs. 14A and 14B are plan views showing the 

other first and second diffusing plates, respectively; 

Fig. 15 is a cross sectional view showing the 
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plasma CVD apparatus according to a second embodiment 
of the present invention; and 

Fig. 16 is a cross sectional view of the 
plasma CVD apparatus according to a third embodiment 
5 of the present invention. 

Description of the Preferred Embodiments 

A plasma CVD apparatus of the present 
invention will be described below in detail with 

10 reference to the attached drawings. 

Fig. 8 is a diagram showing the structure of 
the plasma CVD apparatus according to an embodiment of 
the present invention. The plasma CVD apparatus is 
used for the formation of a silicon oxide film, for 

15 example. Referring to Fig. 8, the plasma CVD 

apparatus such as a parallel plate remote plasma CVD 
is composed of a high frequency applied electrode 2 of 
a plate form, a counter electrode 3 of a plate form 
and a plasma confining electrode 5 which are provided 

20 in a vacuum chamber 1. The counter electrode 3 is 
located oppositely to the high frequency applied 
electrode 2 and these electrodes are parallel to each 
other. A substrate 4 is mounted on the surface of the 
counter electrode 3. The plasma confining electrode 5 

25 is interposed between the high frequency applied 

electrode 2 and the counter electrode 3 to confine 
plasma. The plasma confining electrode 5 is grounded. 



Neutral gas introduction pipes 6 are inserted from the 
vacuum chamber 1 and are connected with the plasma 
confining electrode 5. The neutral gas introduction 
pipe 6 supplies a neutral gas into the plasma 
5 confining electrode 5. The neutral gas is a non- 
excited and non-ionized gas. A gas diffusing plate 
section 7 is arranged in the plasma confining 
electrode 5. 

As shown in Fig. 9, the plasma confining 

10 electrode 5 is composed of a plasma confining 
electrode upper plate 8 and a plasma confining 
electrode lower plate 9. The four side planes or 
whole side planes of the plasma confining electrode 5 
are almost closed by side plates (not shown). The gas 

15 diffusing plate section 7 is put in a space between 
the plasma confining electrode upper plate 8 and the 
plasma confining electrode lower plate 9 to uniformly 
diffuse the neutral gas. The gas diffusing plate 
section 7 is formed from a first gas diffusing plate 

20 11 and a second gas diffusing plate 12. 

The plasma confining electrode 5 has a 
plurality of radical passage holes 13. The plurality 
of radical passage holes 13 are formed such that the 
radicals can flow through the plasma confining 

25 electrode 5 into a lower direction. The plurality of 
radical passage holes 13 are provided and arranged to 
have a suitable distribution of the holes 13 such that 
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the radicals can diffuse in a uniform surface density. 
The radical passage hole 13 is designed to have a 
diameter equal to or less than twice of the Debye 
length of a generated oxygen plasma such that it is 
5 possible to confine the generated oxygen plasma 
efficiently . 

The first gas diffusing j/late 11 has a 
plurality of first neutral gas passage holes 14, and 
second gas diffusing plate 12 has a plurality of 

10 second neutral gas passage holes 15. A plurality of 
third neutral gas passage holes 16 are formed in the 
plasma confining electrode lower plate 9. 

Figs* lOA and lOB show examples of the holes 
formed on the plasma confining electrode upper plate 8 

15 and the plasma confining electrode lower plate 9, 
respectively. The radical passage holes 13 are 
uniformly formed in the plasma confining electrode 
upper plate 8. The radical passage holes 13 and the 
third neutral gas passage holes 16 are uniformly 

20 formed in the plasma confining electrode lower plate 9. 

Fig. IIA shows the first gas diffusing plate 

11, and Fig. IIB shows the second gas diffusing plate 

12. The first neutral gas passage holes 14 are formed 
in the neighbor of the center of the first gas 

25 diffusing plate 11. The second neutral gas passage 

holes 15 are formed in the second gas diffusing plate 
12 on the positions determined based on those of the 
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first neutral gas passage holes 14 of the first gas 
diffusing plate 11. Further, the second neutral gas 
passage holes 15 are formed in a region extending 
outside the region where the first neutral gas passage 
5 holes 14 are formed. 

As shown in Fig. 9, a mono-silane gas 19 as 
the neutral gas is supplied from the neutral gas 
introduction pipe 6 into a space between plasma 
confining electrode upper plate 8 and first gas 

10 diffusing plate 11. The mono-silane gas 19 is made 
uniform by the first neutral gas passage holes 14 of 
the first gas diffusing plate 11. The passed mono- 
silane gas 19 is further made uniform by the second 
neutral gas passage holes 15 of the second gas 

15 diffusing plate 12. The mono-silane gas 19 is 

injected toward the counter electrode 3 (Fig. 8) 
uniformly on the substrate surface from the third 
neutral gas passage holes 16 of the plasma confining 
electrode lower plate 9. Only the first gas diffusing 

20 plate 11 and the second gas diffusing plate 12 are 

shown in Fig. 9, but the number of diffusing plates is 
not limited to the two, and may be more. Also, the 
number of pipes 6 is not limited to 2 . It would be 
more desirable that four or more pipes are used. 

25 A silicon oxide film is formed by such a 

plasma CVD apparatus. As shown in Fig. 8, an oxygen 
gas 18 is introduced between the high frequency 



applied electrode 2 and the plasma confining 
electrodes 5 in the vacuum chamber 1. Then, the glow 
discharge is generated to generate oxygen plasma 22 in 
a plasma generation region. The generated oxygen 
5 plasma 22 is efficiently confined between the high 

frequency applied electrode 2 and the plasma confining 
electrode 5. As a result, the plasma density in the 
oxygen plasma 22 is about 10^° /cm^, while the plasma 
density between the plasma confining electrode 5 and 

10 the counter electrode 23 is 10^ to 10^ /cm^. In this 
case, electrons, oxygen atom ions, oxygen molecule 
ions, oxygen atom radicals, and oxygen molecule 
radicals exist in the oxygen plasma. However, the 
electrons and ions going out of the plasma are 

15 ignigible. Therefore, the oxygen atom radicals and 
oxygen molecule radicals react with the mono-silane 
gas 19 contributes to the formation of the silicon 
oxide film through the reaction with the mono-silane 
gas 19 . Hereinafter , these radicals are merely 

20 referred to as oxygen radicals. The oxygen radicals 
21 pass through the radical passage holes 13 to 
diffuses in the substrate processing region, and react 
with the mono-silane gas 19 which passes through the 
third neutral gas passage holes 16 to form the silicon 

25 oxide precursor such as SiOx and SiOxHy. Thus, the 
silicon oxide film is formed on the substrate 3. 

As described above, the plasma density 



between the plasma confining electrode 5 and the 
counter electrode 3 becomes very low. Therefore, the 
plasma damage to the substrate 4 becomes very low in 
the present invention, compared with the conventional 
5 parallel plate plasma CVD . This effect appears 

conspicuously in case of the silicon surface on which 
a MOS structure is formed. When the silicon oxide 
(SiOa) film is formed on a single crystal silicon 
substrate by the conventional parallel plate plasma 

10 CVD, a MOS interface trapped charge density is 10^^ to 
10^^ /cm^/eV near the mid-gap. On the other hand, when 
the silicon oxide film is formed by the parallel plate 
remote plasma CVD of the present invention, the 
interface trapped charge density is as low as 10^° 

15 /cmVeV. 

In this way, in the plasma confining 
electrode 5 , it is important how the first and second 
gas passage holes 14 and 15 are formed in the 
plurality of gas diffusing plates 11 and 12 which are 

20 disposed in the hollow structure between the plasma 
confining electrode upper plate 8 and the plasma 
confining electrode lower plate 9. If the holes 14 
and 15 are suitably arranged, the injection of the 
mono-silane gas 19 from the third neutral gas passage 

25 holes 16 can be made uniform. Thus, the distribution 
of the precursor of the silicon oxide on the substrate 
can be made uniform, so that the uniformity of the 
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silicon oxide film on substrate 4 is improved. 

The flow of the mono-silane gas in the plasma 
confining electrode 5 in the above-mentioned 
embodiment will be described with reference to Figs. 
5 12A to 12D. 

(1) The mono-silane gas 19 is supplied 
between the plasma confining electrode upper plate 8 
and the first gas diffusing plate 11. As shown in Fig. 
12A, the concentration distribution of the mono-silane 

10 gas at this time point is high in the periphery and 
low in the center. 

(2) After the mono-silane gas passes through 
the neutral gas passage holes 14 nearby of the center 
of the first gas diffusing plate 11, the concentration 

15 distribution of the mono-silane gas is low in the 

periphery and high in the center, as shown in Fig. 12B. 
The neutral gas introduction pipes 6 do not pass 
through the plasma generation region, and the 
distribution of holes in the diffusing plates is 

20 improved. In this way, the high gas concentration 
distribution in the center is realized. 

(3) As shown in Fig. 12C, after the mono- 
silane gas passes through the second neutral gas 
passage holes 15 of the second gas diffusing plate 12, 

25 the concentration distribution of the mono-silane gas 
has inclination more gentle than the concentration 
distribution shown in Fig. 12B based on the 
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distribution of the second neutral gas passage holes 
15 . 

(4) As shown in Fig. 12D, after the mono- 
silane gas passes through the third neutral gas 
5 passage holes 16 of the plasma confining electrode 
lower plate 9, the concentration distribution of the 
mono-silane gas becomes further gentle, compared with 
the concentration distribution shown in Fig. 12C- 
Thus , approximately uniform gas injection on the 

10 substrate surface is carried out. 

In the above-mentioned embodiment, the two 
gas diffusing plates are used. However, as shown in 
Figs. 13A, 13B and 13C, a third gas diffusing plate 
12' may be added. As shown in Fig. 13C, third gas 

15 passage holes 15' are formed in the third gas 

diffusing plate 12' on the positions determined based 
on those of the second neutral gas passage holes 15 of 
the second gas diffusing plate 12. Further, the third 
neutral gas passage holes 15' are formed in a region 

20 extending outside the region where the second neutral 
gas passage holes 15 are formed. For further 
improvement of the diffusion performance, it is 
desired that four or more diffusing plates are used. 
The use of more diffusing plates makes the gas 

25 concentration uniform. However, the use of more 

diffusing plates introduces the complicated structure 
of the plasma confining electrode 5. Also, the 



radical passage hole 13 becomes long. 

Moreover, in the embodiment shown In Figs • 
14A and 14B, the second neutral gas passage holes 15 
are formed on the second diffusing plate 12 in such a 
5 manner that the position of the second neutral gas 

passage holes 15 do not overlap the first neutral gas 
passage holes 14. When the positions of the neutral 
gas passage holes overlap, there is a possibility that 
the gas passage route with the same length as the 

10 distance between the diffusing plates exist. A part 
of the neutral gas passes through the gas passage 
holes before the gas diffusion into the lateral 
direction between the gas diffusing plates. In the 
examples shown in Figs. 14A and 14B, if the positions 

15 of the neutral gas passage holes do not overlap, the 
gas diffusion into the lateral direction can be 
promoted . 

Fig. 15 shows the structure of the plasma CVD 
apparatus according to a second embodiment of the 

20 present invention. The method of introducing the 

neutral gas in the second embodiment is different from 
the method in the first embodiment shown in Fig. 8. 
Referring to Fig. 15, the neutral gas introduction 
pipes 6 for neutral gas such as the mono-silane gas 

25 are inserted into the vacuum chamber 1 from the side 
plane of the plasma generation region, and connected 
with the upper portions of the plasma confining 



electrode 5. Thus, the neutral gas introduction pipes 
6 passes through the plasma generation region. 
However, the passage region is the peripheral portion 
of the plasma generation region 22. Therefore, the 
5 change of the plasma state is little, even if the 
abnormal discharge happens, compared with the case 
where the abnormal discharge happens near the upper 
surface of the plasma confining electrode. 

In this way, if the gas diffusing plates are 

10 arranged in the plasma confining electrode 5, the 
shape and number of gas diffusing plates can be 
changed according to the necessity without leaving 
from the scope of the present invention. Also, the 
shape and number of neutral gas supply pipes in the 

15 second embodiment may be changed according to the 
necessity without leaving from the scope of the 
present, if the neutral gas is supplied from the 
outside of the vacuum chamber 1 into the periphery of 
plasma confining electrode 5 through the peripheral 

20 portion of the plasma generation region. 

Fig. 16 shows the structure of the plasma CVD 
apparatus according to a third embodiment of the 
present invention. The parallel plate remote plasma 
CVD shown in Fig. 16 is different from that of Fig. 8 

25 in the following points. That is, in the third 

embodiment, the gas supply plate 29 is used in place 
of the plasma confining plate 5. The gas supply plate 



29 is connected to the neutral gas introduction pipes 
6 to supply the neutral gas. Also, the gas supply 
plate 29 includes the above-mentioned gas diffusing 
plate section 7. Thus, the gas concentration is made 
5 uniform by the gas supply plate 29. The gas supply 

plate 29 has the same structure of the plasma confined 
plate 5 shown in Fig. 8 or Fig. 15. Therefore , the 
examples shown in Figs. 10, Fig. 11, Fig. 13, and Fig. 
14 can be applied just as it is, for the diffusing 

10 plate section 7 of Fig. 16. If it is possible for the 
radicals to be uniformly injected, the diameter of 
each of the radical passage holes 13' of^ the gas 
supply plate 29 are optional. Also, it is possible to 
electrically use the gas supply plate 29 in the 

15 electric floating condition without grounding. 

In the third embodiment, a plasma confining 
electrode 5 ' is provided between the high frequency 
applied electrode and the gas supply plate 29 to 
confine the generated plasma. The plasma confining 

20 electrode 5' has a plurality of radicals passage holes. 
Also, the plasma confining electrode 5' is grounded. 
In the first embodiment of Fig. 8, the plasma 
confining electrode 5 has the gas diffusing function 
corresponding to the gas supply plate 29 and the 

25 plasma confining function. However, in the third 

embodiment of Fig. 16, the plasma confining electrode 
5* has only the function to confine the plasma. Thus, 



the gas diffusing function and the plasma confining 
function are fully separated. Also, the third 
embodiment can be applied to the second embodiments. 
In the above embodiments, the example in 
5 which the silicon oxide film is formed using the mono- 
silane and the oxygen gas is described. However, 
liquid Si materials such as the high order silanes 
such as disilane and TEOS { Tetraethoxysilane ) in place 
of mono-silane may be used. Also, nitrogen oxide may 

10 be used in place of oxygen. Further, the same 
advantage can be attained with respect to the 
formation of the plasma CVD films using the other 
materials such as a silicon nitride film using the 
mono-silane and ammonia, an amorphous silicon film 

15 using the mono-silane and hydrogen or inert gas, in 
place of the formation of the silicon oxide film. 

Moreover, the parallel plate remote plasma 
CVD apparatus is described. The plasma CVD apparatus 
has the plasma confining electrode for the plasma 

20 separation provided between the plasma generation 

region and the substrate processing region and having 
the plurality of holes. The present invention can be 
applied to any types of plasma CVD apparatus such as a 
plasma CVD apparatus which uses microwave plasma, 

25 electron cyclotron resonance plasma, inductive 
coupling plasma, and helicon wave plasma. 
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As described above, a total opening area of 
the plurality of neutral gas passage holes in the gas 
diffusing plate on a side of the upper electrode plate 
may be smaller than that of the plurality of neutral 
5 gas passage holes in the gas diffusing plate on a side 
of the lower electrode plate. Also, the number of the 
neutral gas passage holes in the gas diffusing plate 
on the side of the lower electrode plate may be more 
than the number of the neutral gas passage holes in 

10 the gas diffusing plate on the side of the upper 
electrode plate. In addition, first ones of the 
plurality of neutral gas passage holes in each of the 
gas diffusing plates may be different in diameter from 
second ones of the plurality of neutral gas passage 

15 holes in each of the gas diffusing plates. 

Also, positions of the neutral gas passage 
holes in the gas diffusing plate nearer to the lower 
electrode plate may be different from positions of the 
neutral gas passage holes in the gas diffusing plate 

20 nearer to the upper electrode plate. In this case, a 
region of the neutral gas passage holes in the gas 
diffusing plate nearer to the lower electrode plate 
may be arranged in an outside region of a region of 
the neutral gas passage holes in the gas diffusing 

25 plate nearer to the upper electrode plate. 

Also, a distribution density of the plurality 
of neutral gas passage holes is higher in a central 



portion of each of the gas diffusing plates than in a 
peripheral portion thereof. 

In the plasma CVD apparatus of the present 
invention, the concentration of the neutral gas which 
5 is injected into the substrate processing region can 
be made uniform in the surface. 

In the present invention /* it is not necessary 
to pass the gas introduction pipe through the plasma 
generation region, specifically, near the center of 

10 the plasma generation region. Therefore, the abnormal 
discharge never occurs to make the plasma state 
unstable. The uniform passage of the neutral gas on 
the substrate surface becomes possible in this way. 
Therefore, the high quality film which does not have a 

15 defect due to the plasma damage can be uniformly 

formed on the large area substrate in the case that a 
MOS device gate insulating film and an interlayer 
insulating film are formed, and a thin-film transistor 
device silicon film and a nitride silicon film are 

20 formed. 



